A mirror-confined hot-electron distribution is created using high-power short-pulse ECRH, in a single, good curvature (magnetically stable) cell of a plasma-filled multiple mirror device. The hot electrons are observed to decou ple good and bad curvature regions on the two sides of the hot electron cell. An unstable MHD-like, rigid plasma motion to the walls occurs in the bad curvature region, with velocity comparable to that of a mode driven by the bad curvature alone. In some magnetic configurations the plasma restabilizes later in time.
i. Introduction
One of the most promising configurations being investigated for confinement of fusion plasmas is that of a tandem mirror in which a potential barrier to electron flow is formed between regions of unstable and stable mag netic curvature. In the absence of the barrier the entire pressure weighted curvature is stable. This configuration has been analyzed in the collisionless limit, using drift-kinetic equations, to study trapped particle modes. The result is that the plasma is unstable if the ratio of passing-to-total electron density in the unstable region is sufficiently small, an approximate stability criterion being (for the lowest order m = 1 azimuthal mode) no R where ti^/Uq is the ratio of the "sheath" or passing density (which samples both the stable and unstable curvature regions) to the unstable plasma density, and rp/'R is the ratio of plasma radius to the average unfavorable radius of curva ture in the unstable region. The preceding equation implies that the usual tan dem mirror configuration would be unstable for a fully developed plasma sheath, in which ti^/tlq « (mg/m^)1'2 to preserve the Boitzmann distribution of elec trons [(Tng/rriiY2 « 1/40, for hydrogen]. Theoretically, it should be possible to tailor the machine design such that the potential barrier serves its confinement function without producing this trapped particle instability.
A resistive trapped particle instability is also expected to be present in tokamaks, where the prediction is that high mode numbers are unstable, Leading to plasma *turbulence. Although turbulence is commonly seen in tokamaks, under conditions in which the trapped particle mode should exist, positive identification has not been possible. The dissipative trapped electron mode has been observed in a linear magnetic field configuration. The trapping was achieved by the mirror throats of the single mirror cell in the device, with about 60% of the electron population trapped in the mirror cell, large enough to observe the density gradient driven electron dissipative mode. Typical of den sity gradient driven modes, the mode was radially localizedin the region of max imum density gradient and saturated without gross plasma loss with a satura tion level for density fluctuations of about 30%.
Unlike the above experiments, in the tandem mirror configuration a mode can be driven by unfavorable curvature, in which the most dangerous perturba tion is an m = 1 azimuthal variation that is hot radially localized, having transverse plasma flow to the walls. The mode is expected to be strongly local ized in the unstable cell and thus be similar to modes observed in early experi ments in which a mirror-confined plasma with MHD unstable curvature was ter-6 7 8 9 minated, outside of the mirrors, on a non-emitting surface. *
It is the purpose of the present paper to describe experimental observa tions of instabilities in tandem-mirror-like magnetic configurations having a negative potential separating stable and unstable curvature regions, in which MHD modes localized in unstable curvature regions are produced. The results are compared with a theory of trapped particle instabilities in a regime for which the curvature drive dominates the instability mechanism, but where collisional effects are also important.
IL Experimental Configuration
The measurements are performed in the magnetic mirror system (MMX) The 10 cm diameter metal chamber wall of the central cell Mqj, together with mesh-covered endplates at Tq and Ty having openings shaped to fit the elliptical flux surfaces, form a cavity for electron cyclotron resonance heating (ECRH) that does not obstruct the plasma flow. A 3 fisec, 250 kW, 9.0 GHz, rf heating pulse is injected into the plasma-filled cavity at M67. This creates a magnetically confined, hot electron density n^in the center ceil due to ECRH at the two resonance zones, each approximately 6 cm from the mirror throats.
Diagnostics to measure the various plasma parameters include the follow ing: The plasma density in the ECRH cell is measured using an 8 mm, sweptfrequency microwave interferometer of conventional design. * The inter ferometer has been calibrated against a commercial phase shifter using rods and slabs of various dielectric constant and radii inserted into the ECRH cavity.
The frequency is swept every six microseconds, yielding reliable measurements for plasma densities in the range 1011-1013 cm on 6 /usee timescales.
The temperature 7^of the "tail" of the hot electron distribution is deter mined from the measured x-ray flux in the 1-10 keV range using a cooled, Si(Li)
detector with a beryllium window having 47 and 91 percent transmissivity at 1 keV and 2 keV, respectively. The energy resolution of the system is typically 0.4 keV, and the maximum count rate is 500 kHz. Although there is some line radia tion observed from high-Z plasma impurities, those with significant amplitudes are sufficiently separated to leave a useful, line-free window between 1.5 and 4
keV to observe the plasma x-ray bremsstrahlung radiation. 
where Tc is the cold-electron temperature. A similar expression determines Vq. In Fig. 4a , the experimentally measured phase delay (2) by the interferometer, is given in Fig. 4c .
These results are compared with the model in Fig. 5 . In Fig. 5a , the phase delay evolution predicted by the initial plasma conditions is given, correspond ing to the predicted potential evolution in Fig. 5b . The predicted density varia tion in the cell is given in Fig. 5c . The model is seen to give a potential similar to the experimental results except that the decay of the potential barrier occurs somewhat earlier. This may be due to an underestimation of the effect of cold electron trapping due to heating of the cold electrons by the hot. The slower decay of the model density in the ERHC cell also indicates the need for some refinements. However, experimentally, the existence of a potential barrier of between 3 and 4 Tc is clearly established and will be used in comparing the experimental results of the trapped particle mode to theoretical predictions.
ID. Observations of the Instability
The experimental observations of the trapped particle mode come from 2t$ (7) where tiq is the peak density, (xq,t/0) is the centroid position, and Tp is the plasma radius. With an array of four probes in suitable positions in the (x,y) Fig. 9 . A typical phase shift measurement from such a shot is shown in Fig. 10 . Here we see, after the initial establishment of the barrier, a rather rapid decay of the phase shift. The more rapid restabilization of the mode seen in Fig. 9 would be the expected consequence of this rapid decay.
For the magnetic field configuration (3) in which fully stabilized quadrupole fields are employed, the plasma centroid remained centered at both Mqq and Mjq throughout the establishment and decay of the potential barrier. This indi cates that the mode observed in configurations (1) and (2) was essentially curva ture driven. If a resistive mode was also present it saturated at a low amplitude and was therefore not observable as gross motion of the plasma centroid.
FT. Comparison of Experiment with Theory
To obtain a comparison of theory with experiment, we estimate the experi mental parameters required to obtain a theoretical description of the growth rate. For the collisionless case an expression for the mode frequency has been obtained, which, for low passing fraciton can be approimated by
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Here wc is the curvature drift frequency
2Tc(eV) -&QL9ff
where L9ff is the length associated with the unstable curavture drive, defined below, a«b is the electron diamagnetic drift frequency w* = "^Z--TZT (10)
T+ the ion gyroradius, n* the density of transiting electrons, and the other sym bols have their usual meanings. We define Lejj in terms of the quantity 
The time to move a distance r = r^is then TWI/7 (15) which we use in the comparison of theory with experiment. Figure 11 shows [5] or is, in fact, stabilized.
In Fig. lb Plasma density 1X1011 *S 5X1011 cm"3;
Cold electron temperature 5 as Tc^15 eV;
Curvature drive length -£*//w50cm; Electron diamagnetic drift frequency 3.3X105 < CJ* < 1.0x10s s*1;
Finite gyroradius parameter kfrf = rf/rft « 0.046;
Ion diamagnetic drift frequency cj«g « 3.3x10s s ;
Cold electron bounce frequency 7.8x 10s < cj6 < 1.4X 107 s"1:
Cold electron 90°collision frequency 2.3X105 <vc < 1.2X107 s"1;
Average unstable curvature drift frequency 0.45XJ03 < oc < 1.3X103 s"1; Ratio of stable to unstable curvature frequencies | oc / Qs | w 2. -25- 
